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QUESTIONS AS AICS TO REACING--SOME RESEAKCH ANC A THEORY.
By- FRASE, LAWRENCE T.

FUB CATE 67

ECRS FRICE MF-30.25 HC-$5.76 17F.

BESCRIFTORS- *QUESTIONING TECHMIQUES., %FROGRAMEC INSTRUCTICN,
FROGRAMED MATERIALS, *FEECEACK, FROGRAMING, REINFORCCMENT,
*READING RESEARCH, LEARNING THEOKIES, UNIVERSITY OF
MASSACHUSETTS,

10 SUFFORT THE VIEW THAT THERE ARE SEVERAL WAYS OF
CONTROLLING LEARNING BEHAVIORS, TWO AFFROACHES TO STURYING
THE EFFECT OF QUESTIONS ON ACULT REACING CEHAVIOR IN RELATION
10 FROGRAMEC MATERIALS ARE REVIEWEC, ANC AN ALTERNATIVE S-K
MOCEL 1S OFFERED. THE "CYBERNETIC" VIEW FROCEECS FROM THE
ASSUMFTION THAT SENSORY FEECBACK RATHER THAN CONFIRMATION AND
REINFORCEMENT IS THE MECHANISM FOR LEARNING FROM FRINTED
MATERIALS. A QUESTION MUST FRECECE THE REACING FASSAGE IN
ORCER TO EFFECTIVELY CONTROL BEHAVIOR. OTHERWISE, THE LEARNER
MUST BE ALLOWEC TO REVIEW THE MATERIAL AFTER SEEING THE
QUESTION. THE EMFHASIS, THEREFORE, 1S ON CONTROL ANC
INTEGRATION OF RESFONSES IN TERMS OF A FRESCRIBED CRITERION,
THE QUESTION. IN CONTRAST, THE "MATHEMAGENIC" AFFROACH STATES
THAT THE ACQUISITION ANC RETENTION OF INFORMATION FROM
FRINTEC MATERIAL CAN BE RELATEC TO ATTENTIVE RESFONSES.,
CALLEC "MATHEMAGENIC RESFCONSES," WHICH ARE CONTROLLEC BY
TE5T-LIKE EVENTS ANC THE MATERIAL IN THZ FASSAGE WHICH IS
ASSOCIATES WITH THAT COMNTROLLING STIMULUS. A THECRETICAL S-K
MODEL CONSISTENT WITH THE TWO VIEWS IS FRESENTEC TO
ILLUSTRATE THE FREMISE THAT LEARNING VIA REINFORCEMENT CAN BE
BROADENED TO INCLUDE CONTROL OF ONGOING REACING BEHAVIOR.
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Abstract

In this article the notion of control, as applied to student
responses, is generallzed to include the operant control of attention
as opposed to the reinforcement of specific S5-1 assocliatiorns. Research
js briefly mentioned which suggests that the traditional rules of
orogramed. instruction should be qualified. A msjor poition of ine
paper outlines the effect of questions upon reading behaviors. The
ncybernetic” and "mathemagenic" approaches to this problem are
descrived and eriticized, and ari alternative S-R model is offered
along with som* related data. The view presented in this paper 1s
that there are several ways of contrelllng learning behaviors and
the kind of analysis that has fostered current instructional technology
can be broadened to include learnineg from gross rducational materials,
such as text and prose passaxes.
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Questiors as Aids to Reading: Some Research end a Theory
lawrence T. Frase
University of ilassachusetts f
Introduction §
The success cof proesramed instruction in teaeching a variety of §
school subjects has served tc confirm psychologist's faith 1n precise :
methods of controllineg student learnine — with the emphasis or
control. But there is more than one way of controlling behavior
and the original programing techniques may be in for some modification.

Research cuggests that there are conditions under which the
usual requirements cf programed instruction, such as providing
immediate formel knowledge of results or breaking the material into
small pieces or steps of easily acquired information, may not be
required (Alter & Silverman, 1962; Ausubel, 1963; Glaser & Taber,
1961; Hershberger & Terry, 1345). It has been shown that adding
incidental material to programed frames may actually improve learning
of the relevs.t S-R associations (Feust & Anderson, 1967). In
short there may be several paths to the same acedemic goal. Current
research reflects a shift of attention toward more general techniques
of instructional control. These techniques include the use of
questions which serve a review or preview function (Merrill &
Stolurow, 1966), the use of maps, pictures, diagrams, charts, and |
graphs (Fleming, 1967; Reynolds, 1966; Samuels, 1967), and capi- §
talizing upon the potentially meaningful structure of the learning ;
material (Ausubel, 1963; Gagne, 1962). An increasing amount of
analysis and research is being devoted to learning from gross
instructionai material such as prose or text-book passages (Frase,
1967a; Husgrave & Cohen, 1966; Rothkopf, 19565, 1966; Rothkopf &

Bisbicos, 1967).

Arderson (1967) seems to have put his finger on the critical
issue concerning control in relation to instructional materials
when he stated that "...the most compelling stimulus in a frame
is the question which must be arswered or the blank which must be
completed.”" T'ithout doubt questions are useful tools. They are
relatively easy to construct and they can be used with almost any
kind of educational material. Unfortunately, we don't know a great
deal about how they work. Although experimental research on questions 1
is not a virgin area (Distad, 1927; Holmes, 1931) the current
approaches to this problem are more sophisticated in terms of

experimental and statistical methodclogy, and also in terms of
the theories presented.

effect of questions upon adult reading behaviors. Criticisms of
the theories are offered and an elternative theory is proposed.
The attempt here is to provide & model which is precise enough to
suggest some new experiments which will confirm or modify the
theory.

The present paper reviews two theoretical approaches to the
To summarize this theory briefly, effective reading behaviors




"are conceived as a variety of sitentive responses which are under
reinforcement con:rol of guestion-correlated stimuli. Words in a
prose passage which are related to a question tend to distribute
the students' attention zczordine tc the position of those words
and the pcsition of the questions. By manipulating the position
of sentences or the kind of questions used the distribution of
reinforcements is chang2d. Different schedules of reinforcement
are predicted to have aifferent effects upon the scquisition and
retention of information firom ti.e sentences.

Recent Approaches

Two of the most suggecstive approaches concerning the effect
of questicns upon the acquisition of information from printed
aterials asre the "cybernetic!" and "mathemagenic' approaches. The
cybernetic view (Hershberger & Terry, 1965; Smith. 1966; Smith &
smith, 1956) states that & gquestion is used by a student to determine
if achieved behavior (tne answer the student gives) meets the
criterion of acceptable behavior (the correct enswer). When asked
"Mihat did John X invent?” the student searches through the reading
passage until he can fill in the blenk. If he reads the passage
and has not found the answer an error sicnal is generated. In
other words an error is negative feedback which can be used by the
student to controi his reading behavior until he matches the
criterion. The emphssis here is upon the matching or comparator
function of questions., (Stolurcr, 1961). The assumption underlying
the cybernetic hypothesis is that a question must precede the reading
passage in order to effectively control behavior, or, if it doesn't
precede the passamge then the student must be allowed to review the
material zfter seeine the question. It i3 also possible to provide
the student with feedback immediately after he responds to the
question in the form of knowliedge of results. Providing immediate
knowledge of results should be an optimal procedure for facilitating
recall of the specific information tested since it minimizes the
time interval between performance and the criterion evaluation.
Smith and Snit (1966) report a nuaber of studies concerning motor
perforimance in wnich feedback interval was a critical event in
attainine zdequate performance. yet Hershberger and Terry (1965)
found that intervais of deliay between self-instruction and testing
were not criticsl for errorc made within the program. These authors
concluded that 2 confirmetion w.rocedure was least effective because
students were lec to terminste thelr reading too early. An erroneous
feeling of confidence wes engendered by the knowledge of results.
Evidently. it wes the kind of question (in regards to difficulty)
which was the importsnt condition for learning. The data of
Anderson and Faust (1957) sugrests that making a programed frame
more difficult by introducing irrelevant stimuli ge®ts the student
to at least notice the reieveant stimuli rather than coricentrating
only upon response terms- Rotunkopf {1965) also found that if the
correct response is easy to predict less will be learned. Frase
(1967b) asked students to underiine words in a passage which would
comprise a compleie sentence answering various types of questions.
Even though the passage conteined only 3¢ words and several practice
tasks were given. students neglected to underline required stimulus
words. but no student neglected to underline the response term.
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Frrors were salways made on the stimulus portion of the sentence.

For instance, when asked "‘hen were the men in the following para-
graph born?" students nezlected to underline "John wess born in'",

but they always underlined "1927". This effect was only obtained

with questions that asked for 2 great deal of information. Obviously,
students adopted what they felt to be an efficient learning strategy —
practicing the response terms. For optimal learning, however,

both stimulus and response terms must be associated. There is a

clear need for further research tc determine the precise effects

of different kinds of questicns upon reeding behaviors.

o The cybernetic approsch to the problem of how questions facilitate
performance states that sensory feciback is the mechanism for learning
from written meterials, rather than confirmation and reinforcement.
The emphasis is upon control and integration of responses (presumably
observing responses of some sort) in terms of & prescribed criterion.
The student operateg as & closed loop system. 1If he has a criterion
and is allowed to review material, then formal knowledge of results
i not necessary. He will not "exit" the task (Miller, Galanter,
ard Pribram, 1960) until he answers the question. Unfortunately,
little is Xnown ebout the precise kind of events which might be
useful criteria in a2 reading task except what is known from re-
search conducted outside the theory itself. The theory offers no
exact data concerning the relationship of criteria, whether these
be stin i1i (in the form of guestions) or responses (in the form of
answers), tc the reading material and ultimately to retention.

The results of Hershberger and Terry (1965) and others mentioned
above showingz that easy questions can be detrimenta., sugegest that
this is an important area of investiecation.

The cybernetic approach does not attempt to specify each event
occurring during the process of relating behavior to criterion
performance, but development of the theory is contingent upon a
calculus of relationships between criterion stimuli and sppropriate
control of responses (Attnesve, 1955). £An understanding of cyber-
netic control will be incompiete until the theory is elaborated
in terms of critical S-S, S-R, and R-R relationships, and in terms
of methods of establishing control over desirable relationships.

Rothkopf's '"mathemsgenic" epproach, in contrast to the cyber-
netic avproach, stresses that the acquisition and retention of
informa:_on from printed material can be related to a variety of
attentive resronses, summarized by the term "mathemagenic”" — they
zive rise to leernins. These responses are under the control of
test-like events (such as questions) which occur in conjunction
with the reading materiels. According to Rothkopf's view the
critical events for learning from printed materials are the attentive
responses which occur during reading, rather than the particular
questions (or criteria) used. Although questions and mathemagenic
responses are related, the theory places speclal emphasis upon the
contizuity of attentive responses end the question-relevant material.
"Tith predictable use of gquestions the mathemagenic responses become
more precise.

The function of test-like events, according to Rothkopf (19466),
is to modify the nominal stimulus material into effective stimulus
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components. His subdivision of nominal stimulus materiel into
effective stimulus materisl on the basis of guestions or instructions
which precede readines, althouch quite surgestive, riosses over the
precise nature of the interaction between the mathemagenic responses
and stimalus meterisl. On the other hand, the taeory states guite
clearly thet the most critical event is the attentive or mathem-
scenic response, in relation to the controlling stimulus (question)
and the meterial in the resdine~ passase which is associated with

that stimulus. The present peper describes in some detail the
process by which this control mirsht be achieved.

Several studies (Rothkopf, 1966; Rothkopf and Bisbicos, 1967;
Frase, 19672) have found that retention of prose material which 1is
incidental to the questions asked is hishest when the questions
are placeg after the readins passages. The results of these
studies indicate that both pre-questioning and review questions
have a facilitative effect upon the retention of the question
relevant information, but that review gquestions can be generally
facilitatine. Croups ~iven questions before passages tended to
retain even less incidentsl information than a control aroup which
did not reed the questions. The depressine effect of specific
pre-questioning confirms the cybhernetic approach which suexests
that when a question occurs before the reading passage students
sre provided with a criterion which focuses their attentive responses.
Such a focusins effect would also be predicted by the mathemsgenic
theory, but in addition, the occurrance of general mathemagenic
responses also eccounts for the facllitative effect of questions
when they occur after pessages. There seems to be no direct way
of predicting facilitation by post-questioning in terms of the
cybernetic spproach since students in the Frase (1967a) study were
not allowed to review. Rothkopf (196%6) also found that & aroup
which had received only gseneral instructions to read carefully
performed better than the control crcup. Under these conditions
there would be little opportunity to eapply eny specific internalized
criterion. Frase (1967a) concluded that the results of these
studies were best accounted for by the mathemagenic theory. He
also pointed out that the words "preview" and "review! may be mis-
leading because 2 review question could effectively shepe attention
on passages followinz the question, rather than on the passage to
which the question reletes. The mathemagenic approach stresses
the shaping of effective reading behaviors but it does not spell
out the process in detail.

An attempt to summarize the date previously cited is given
below in terms of a theoreticel model which emphasizes the rein-
forcement of attentive responses, as opposed to the reinforcement
of specific verbal responses vis %nowledme of results. The model
proposed is consistent v¥ith the cybernetic and msthemagenic approaches
in the sense that it emphasizes control of the behaviors which
facilitete learnine rather than the responses to be learned. The
basic problem st issue here is the stimulus control of appropriate
study hebits.

Theoretical Interpretation
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In the anslysls below the process by which a student lesrns
to respond differentially to specific and general questions is
descrived. In summary, students initially read passasges and then
receive test questions over the passases. Specific (factual) or
ceneral (comparative) questions become discriminative stimuli for
a response which modifies further readins in terms of the number
of associates (of the question) in the reading psssagse which can
reinforce the attentive response.

Acquisition of Test-Taking Responses
Development of control bv specific factual questions.

D T
R, — 54 (81) —-—Rl-——S
&
Diagram 1. Beinforcement of esttention to specific facts during reading.

D . T
Sql ——— lna —— Sl

Diagrem 2. Selection of reinforcing stimulus by a factual question.

Diagram 1 states that during acquisition of relevant test-
taking skills the student makes a general attentive response (Ra) —
he looks at the reeding pessege, but his attentive response is not
differentially zffected by the stimuli within the passage. The
passage might be, for exemple, "John was born in 1927. Bill was
born in 192%." 1In Disprsm 1 the first sentence is labeled Sy, the
second sentence 3,., The bars connecting symbols refer only to
temporal order. %he lotter part of Diagram 1 reBresents a typical
i exam question. "John was born in'" is labeled "SY" since it is a
discriminative stimulus for the response Ry ("1927"). Cetting the
correct answer Ry to the question is followed by reinforcement (Sr),
such as prsise or a passing grade. Specific statements, such as S
and S,, acquire the capacity to reinforce R_ because they occur
early in the chain. A question beccmes 2 d¥scriminative stimulus
because the student is reinforced with a correct answer for payiBg
= attention when the question occurs. In Diagram 2 the question S 1

is 2 discriminative stimulus for an attentive response which canq
be reinforced by S,. For instance, the question mizht be "When
was John born?". %he student would read the passage paylng special
attention to "1927". Another way of saying this is that Ry 1is
reinforced by S7. In essence, chaneging the events which cen reinforce
R, by introducins questions or specific instructions is a means of
determinine what the effective stimulus will be.

The basic mechanisms assumed to operate here are negative
reinforcement (S, reduces uncertasinty — see Berlyne, 1960), and
stimulus general}zation (the question and stimulus within the
passase are related because they have 2 common associate "John's
birth"). The ranre of this reneralization, in terms of the
material within the passase, is determined by the kind of question
that is asked, as will be seen below. If factual questions were
repeated several times Ra would tend to be reinforced by all facts
when a new reading passare was encountered. This situstion is
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described later in terms of an anticipatory goal mechanlsm when
consideration is siven to how an jrrelevant question cen facilitate
retention.

Development of control by comparstive cuestion.

D 'y
Ra — Sl (Sl) — B12 — S

~ D
S, (82)/

Diagram 3. Reinforcement of attention to several facts durine reading.

Disgram 4, Selection of reinforcine stimuli by e comparative question.

Usine the same two-sentences &8s above, a comperative question
(SDlz) such as "'ho is older, John or Pill?" becomes & discrininative
st%mulus for an ettentive response which can be reinforced by both
relevant portions (S7 and 82) of the passage. The process described
in Diagram 4 is preceded by relevant trainins on comparative
questions, jllustrated in Diagram 3. The seme analysis used for
Diagrems 1 and 2 applies to these examples.

The present theory distinculshes between a specific and more
general question in terms of the number of question-correlated
stimuli within the passage. The implicetion is that it should be
possible to define the facilitetive effects of questions in terms
of the number and distribution of associates within the pessage.

In & preliminsry study (Frase 1947b) the present author has asked
students to underline words in passages which comprise an answer to
the question which preceded the passaze. By dividing the number

of words ynderlined by the total number of words in the passege

an index of diversity was arrived at for different questions which
stronely confirmed the experimenter's catezories of '"specific',
neumparative”, and nreneral”. Aside from tryineg to scale questions,
a major aim of the study 1ls to determine if these questlons are
differentially related to the amount of information retained from
the passace.

The present model attempts to state explicitly which events
can reinforce sttentive responses and to provide a frameworlk within
which to view the problem of how questlions control the attentlion
of students. The point of view being presented assumes thet
learnine via reinforcement, in the sense of specific knowlrdge
of results formally presented, cen be broadened to incluc~ the
control of onzoine resdine tehaviors. The previous section
suggested how this control is established initielly. The section
below describes the utilization of test-takins behaviors along
with scme implicetions and related deta.
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Utilization of Test-Takina Re~rponses

Questions precedinsx passagses. 'Then the student encounters
s relevant question before he reads a passage of material we have
the situations described in Diasrams 2 and 4 for specific and
comparative questions, respectively. Usually a reading passagze
has more than two sentences some of which mirht be irrelevent to
any meaninzful question that could be asked. In Diagrams 5 and
6 an additional element is added. The basic difference between

D T

r
Sz
r

3

Diagram 5. Selection of reinforcing stimulus from a large set by
a specific question.

S

D r
S 12 — Ra — S

a 1l
\ Sg

r

53

Diagram 5. Selection of reinforcing stimuli from a lerre set by
a comparative question.

the specific and comparative question is in terms of the number of
reinforcing events aveilable for Rj. The implication is that there
will be & higher rete of reinforcement with comparative questions
and hence better retention of the material in aeneral than with
specific questions. This is another way of sayineg thet with an
jncrease in sienals there will be an increase in the number of
signals detected (Deese & Ormond, 1953) and that the fewer the
sienals the lower the vieilance (Holland, 1958). If R, is emitted
at a hirh rate (since it receives more reinforcement w?th comparative
questions) it is slso possible that facilitastive effects will
diminish rapidly. Menipulating the generality of questions in

this way chenges the schedule of reinforcement for R,. There
should be an interaction between question type and length of
reading materisl in terms of retention scores. General questions
should be least effective with long readins passagcs.

Additional questions arise if we consider the spacling of
reinforcement. In Diasram 6 the comperetive question might relste
to S and Sj. Assuming that students read sequentielly, the irrelevant
stimulus sehtence would occur tetween two reinforced attentive
responses. Cen questions be constructed which will reinforce R
at points which are criticel for meneral retention? Does the
distribution of reinforcements make a difference in retention? In
effect this is the problem of how to optimize the structure »r
reading materiel.

Still enother suzeestion concerns the use of multiple schedules

-7-




of reinforcement. Paragraph headinss may he used to sirnal the

use of new schedules of reinforcement. For nstance, 1if 8 student

15 told to find out all he cen ebout "Bill" and he sees a persgraph
heading "John", 1irn effect the heading tells him thet he will not

be reinforced if he reads that paresraph. The student can anticlpate
and select his own schedules of reinforcement.

Another implication of the present model 18 that the time or
number of intervening events between S and sT will differentially
affect retention of relevant end 1ncid%ntal stimulus material. In
Diagram 6, Sg would be incidental. The disgrams indicate that the
reinforcement effect of incidental stimuli upon R ijs constant and
at a lower level than the effect of relevant stimuli. Retention of
incidental material should remain unaffected as the jnterval between
3  and reeding increases, whereas retention of relevant materiel
sﬁould drop. Frese (19672) found confirmation for this view in
that the size of reeding passames between questions did not affect
retention of incidentsl materiel but it did affect retention of the
relevant material.

Another condition which should be considered is the use of
wnowledee of results upon Ra’ depicted in Diagram 7. Since the

D Tr
(Sql —— Sl —— Rl) —— Ra - o= Sl
'y

S

'y

33

Diagram 7. Effect of knowledese of results upon selection of the
effective stimulus.

reinforcing mechenism for Ry is presumed to be the reduction_of
uncerteinty there should be reduced reinforcement value of 53
within the pessage when knowﬁedge of results is given with questions.
In Diegream 7, the question S is followed by the prompted response
Ry. Hence, uncertainty redug%ion occurs before the passage is
~sad. Although retention of R will be relatively high under
shegse conditions, due to the s%ort interval between response and
reinforcement, the attentive response should receive less reinforce-
ment during readine. AMAs a consequence students may lose interest
in the readings passages rovher rapidly, and this loss of facilitetiol
should be more serious for ceneral questions than for specific
questions because of the larger number of essociates within the
passage. This could be & reason why Hershberger and Terry (1965)
felt that confirmation ied to an erroneous feelinm of self-condidenc
Ba’ or payinz sttention while readiner, recelved less reinforcement.
Questions following passagesS. Usuelly questions are found
after reeding passspes, for instence, et the end of textbook
chapters., If students are allowed to review the passages then the
effect of these questions could be the same as if the questions
hed preceded the passage. Accordine to the cybernetic theory
most precise control of behavior can be schieved 1f questions
precede reading. Research, end the theory outlined above, sugpest
that for general retention pre-questioning may not be the most
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desirable stratesy when specific gquest.ons are used. In the
anelysis below 1t is assumed that students are not allowed to

revi.w readine passases, heiice o "review" question can only function
to reneat information which occurred in the passege. But e question
ythich follows a peragraph may jnfluence attentive tehaviors on the
passagze which follows it. It can act as an jrrelevant questicn
preceding the next pessage, and it may contain a hint of what will
be asked if a question follows the next passare. This "hint" 1s
viewed 2s an anticapatory soal mechanism, r,---S (Hull, 1952),
which is related to & divergent hierarchy of responses. Since an
jrrelevant question precedes the parasraph the student must rely
upon the conceptual caterories of factual questions (rf---sf) or
comparative questions (ro---s ). The hierarchy of conceptual
responses can be maaipulated %y the kinds of qtu-stions used. In

D r
ql o o f f a L b
c T 5

Diasrem 8. Effect of specific post-guestion upon subsequent effective
stimuli.

Diagram 8.the specific question is a discriminative stimulus for &
conceptual response (factusl), vhich means that eny fact will be
able to reinforce Ra. Jhen the relevant question does occur at
the end of the passanfe (S u) it serves to confirm the use of the
conceptual category. Thelveneral imolication js that placing an
jrrelevant question before paracraphs should have reneral facilli-
tative effects. Another way of doinr this would be o place
r>levant questions after paracraphs, siving them both a review
function and a ~eneral facilitative effect upon P . In the studiles
by PRothkopf 11964) and Frase (19572) it was found®that questions
had the most facilitstive effect upon retention of ‘ncidental
information when the guestions followed readine passd89€Se Hence
the interpretation siven in Diaecram R/ 1is confirmed. iuch the seme

D Tr
Lyp — T, == Sg = r, --- S, — Ba ~ Sk —= Squs

ro --- S¢ \\\\Sg

%

Diarram 9. Effect of & comparative post-question upon subsequent
effective stimuli.

condition holds for comparative questions when used after passages
(Diagram 9). ‘'hen an jrrelevant question precedes & series of
psregraphs, R is reinforced by just as many stimull whether &
specific or réneral question 1s used. The essumption 1s that =
comparative question requires tnovledge of the specific facts. This
seems to be a reasonable hypothesis in l1icht of & study by Sierel
and Sierel (1955). They found thet students who studied pessafes
with a conceptusl set were plso able to recall specific facts.
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Equivalence of specific and comparative questions ijs not the case
when questions precede the reudins passare, as in Diacrams 5 and

45, hence there should be an interaction between the type of question
and the position of questions. The anticipatory goel mechanism
prcposed to account for these differences would 2lso account for

the fact that Rothkopf (1955) found that jnstructions to pay
attention to facts (without questions) resulted in improved retention.

In terms of the theory presented the optimal procedure for
peveral retention 1s to place questions after psrasraphs, and to
W & *he questions occur frequently. In determining the effects
of cuch manipulation it is necessary to distinruish between retention
of question relevent information and retention of incidentel infor-
mation. Obviously, the most specific control of B 1is achieved
when gquestions precede the reading pessage. If the objective 1is
to control the reneral reading behaviors of students, and not
simply to lmprove retention of specific jnformation, it 1s necessary
to meke reinforcement contingent upon reedine 2ll of the pessare.
This is most effectively done by shaping reading behaviors with
post-questions. The most faciiitatine pre-questions would be the
questions which have the lesrcest number of associetes within the
passage. These questions would probtebly fall into the catecory of
application or synthesis items (Rloom, 1955).,

The “ature of the Fttentive Response

It is obvious that B, 1ls a summary term for a variety of
behaviors which may incluﬁe focusing of the eyes, increased scanning,
postural adjustments, etc. These behaviors correspond to the
mathemasenic responses postulated by Rothkopf (1965). The occurrence
of stimuli which are associated with questions should bear some
relation to chaneses in EEC rhythms, pupillery dilation, etc., whic
m:echt fruitfully te used to observe chances in behavior releted to
question assoclates.

Another approach, belins pursued by this author, is to select
some response which reflects sttention. Studies are now bein~
pursued in which prose sentences of equivalent lensth ere presented
at o fast rete vie projector. Tre student cen stop the projector
on 2 sentence by pressin~ a ber, and he can stey with a ~iven
sentence only by holdine the ber dovm. The time on each sentence
is stored on a cumuletive recorder. The major question to be
answered by this reseerch 1is whether fixed and variable schedules
built into the sentence sequences lead to predictatle response
curves. Scant date is aveilatle at present, but the methodolory
looks promisin~. Figures 1 end 2 present cumulative time curves
from two representetive subjects who weut Lnrourh 52 sentences twice
on one occesion. The sentences conteined a description of four
boys each having 13 characteristics. The subjects were given a
pre-question askiner them, mhat cen you tell me abtcut Bill." The
first 15 sentences (raseline) end last 11 (extinction) were not
about =11l1. Durinc Trial 1 every other sentence from 15-42 was
about Bill — half the seuntences wcre question-correlated stimuli.
The theory presented in this paper assumes +hat aquestion-correlated
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stimuli reinferce observins responses, hence Trial 1 1in both figures
represents an FR-2 schedule. On Trial 2 sentences 15 - L2 were
randomized for the subject in Fipure 1 mekine it 2 variable ratio
schedule (VB-2). The same FP-2 schedule wes presented to the
subject in Firsure 2 on the second triel.

The curves for both subjects on Trial 1 sre similer 1n that
they show jrrecularities and are steeper than on Trisl 2. In
short, the first time throuch the sentences reading beheviors did
not conform to the theoretical model proposed 1in this paper. Trial
2 pehavior is quite another matter. For both subjects the curves
turn upward abruptly shortly before the onset of the relevant
gsentences (a2btout gentence 1Z2). Evidently the sutjects anticipated
the occurrence of question-relevant sentences end slowed dovmn
accordinrly.

Firure 2 shows @ scalloped effect cheracteristic of fixed
retio schedules. Figure 1, on the other tend, is what one would
expect with a veriesble ratio schedule. The subject under the VR-2
schedule only reduced his total time by 14 percent {25 seconds) on
Trial 2, "hile the Fn-2 schedule led to & reduction in time of
35 percent (35 seconds). The variable ratio schedule may lead to
higzher maintalnence of attention. In a1l respects the t 'avior
of the student under the variasble schedule was superior. Ee
retained mere cf the relevant and incidental information, ani his
attention tended to persist. The hir~h initial rate of response of
the one subject no doubt accounts for much of the difference in
retention, but there 1s one jmportent correspondence between the
curves of the two subjects which makes the date especielly jnterestinr.
Reading responses on Trigl 2 follow the theory proposed in this

peper quite nicely — Trisl 1 responses do not. FEvidently when
subjects are familiar with the material — when they kXnow where
the relevant stimull sre — their behavior becomes more precise

enid hence it is more directly under the control of the question-

correlated stimvli. In this respect the desta clearly reveal the

development of effective mathema~enic responses. The methodology
chosen for this exploretory wor's reveels rather strikinz changres

in the toporraphy of responses with subject-matter experience.

Summary

The theoreticel model offered in this peper 1s "static" in
the sense that it deals with seversl discrete events. It is assuned
thet the sentence 1is the basic meaningful unit of adult reeding
behavior, and that sentences can be categorized in terms of their
reinforcement value for 2 particuler attentive response. The
reinforcing sentences — OT effective stimuli — ere determined by
other specified stimulus conditions, namely, guestions. *Then these
discrete events ere put torether into the theory proposed in this
paper, the end result is e ressonable alternetive to the termin-
olo~yv of the cybernetic or mathemarenic approaches.

The view presented in this paper reteins the sdventege of
dealinz with response-produced feedback mechenisms and onroing
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chanres in reedines beheaviors, while abstractines some of the most
critical events in the process. The terminolosy cmployed may
susrest some useful resesrch anelo~ies to previous opersnt research.
The methodolosy hes produced some interestine initisel dste ancd it
may suzrest some new lines of exploration.
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